An Engineered Aryl Acid Adenylation Domain with an Enlarged Substrate Binding Pocket.
Adenylation (A) domains act as the gatekeepers of non-ribosomal peptide synthetases (NRPSs), ensuring the activation and thioesterification of the correct amino acid/aryl acid building blocks. Aryl acid building blocks are most commonly observed in iron-chelating siderophores, but are not limited to them. Very little is known about the reprogramming of aryl acid A-domains. We show that a single asparagine-to-glycine mutation in an aryl acid A-domain leads to an enzyme that tolerates a wide range of non-native aryl acids. The engineered catalyst is capable of activating non-native aryl acids functionalized with nitro, cyano, bromo, and iodo groups, even though no enzymatic activity of wild-type enzyme was observed toward these substrates. Co-crystal structures with non-hydrolysable aryl-AMP analogues revealed the origins of this expansion of substrate promiscuity, highlighting an enlargement of the substrate binding pocket of the enzyme. Our findings may be exploited to produce diversified aryl acid containing natural products and serve as a template for further directed evolution in combinatorial biosynthesis.